Cloacal sperm storage glands, spermathecae, characterize female salamanders in the eight families constituting the Salamandroidea (Sever, 1991a). During mating, the cap of a spermatophore produced by a male is lodged in the cloacal orifice of a female. Sperm from the cap move into the spermathecae, and, in oviparous forms, sperm are stored in these glands until oviposition. As eggs pass through the cloacal cavities, sperm are released onto the eggs, resulting in internal fertilization (Boisseau and Joly, 1975) .
Ultrastructural studies on salamander spermathecae have involved salamandrids (Dent, 1970; Boisseau and Joly, 1975; Brizzi et al., 1989, Cloacal sperm storage glands, spermathecae, characterize female salamanders in the eight families constituting the Salamandroidea (Sever, 1991a). During mating, the cap of a spermatophore produced by a male is lodged in the cloacal orifice of a female. Sperm from the cap move into the spermathecae, and, in oviparous forms, sperm are stored in these glands until oviposition. As eggs pass through the cloacal cavities, sperm are released onto the eggs, resulting in internal fertilization (Boisseau and Joly, 1975) .
Ultrastructural studies on salamander spermathecae have involved salamandrids (Dent, 1970; Boisseau and Joly, 1975; Brizzi et al., 1989 Brizzi et al., , 1995 , plethodontids (Pool and Hoage, 1973; Sever, 1991b Sever, , 1992 Sever and Brunette, 1993) , and one ambystomatid, Ambystoma opacum (Sever and Kloepfer, 1993; Sever et al., 1995). Cytological aspects of spermathecal development have been studied only in the newt Notophthalmus viridescens (Dent, 1970) . In this paper, I report on development of the spermathecae and propose a function for their secretions in the ambystomatid A. tigrinum. Unlike other species whose spermathecae have been examined and which may store sperm several weeks (e.g., A. opacum; Krenz and Scott, 1994) Mating occurs in late February and early March in this population; all of the females collected in the pond during these months have mated, as evidenced by spermatophore caps in their cloacae, their spent condition, or the subsequent oviposition of fertile eggs after removal of the female to the laboratory. Mean diameters of freshly deposited fertile eggs are 2.1-2.3 mm in this population (Sever et al., 1987) . Larvae were collected from drying pools in the pond on 26 June 1991 and brought back to the laboratory where metamorphosis occurred within 2 wk.
All metamorphosed specimens maintained in the laboratory were housed singly in 17 x 31 x 9 cm plastic containers supplied with wet paper towels and a variety of invertebrates for food. Oviposition was induced in one individual by injection of human chorionic gonadotropin (hCG; Armstrong and Duhon, 1989 ). Animals were killed by immersion in 5% MS-222, and, prior to fixation, snout-vent length (SVL) was measured from tip of the snout to posterior end of the vent.
The spermathecal area was excised and divided midsagittally. One half was prepared for examination by transmission electron microscopy (TEM). This tissue was fixed in a 1:1 solution of 2.5% glutaraldehyde in Millonig's phosphate buffer at pH 7.4 and a 3.7% formaldehyde solution buffered to pH 7.2 with monobasic and dibasic sodium phosphate (=neutral buffered formalin; NBF). After fixation, the tissue was trimed into 1.5 mm blocks, rinsed in Millonig's buffer, postfixed in 2% osmium tetroxide, dehydrated in a graded series of ethanol, cleared in propylene oxide, and embedded in an epoxy resin (EMBED-812; Electron Microscopy Science, Fort Washington, PA). Ultrathin sections (60-70 nm) for electron microscopy were collected on uncoated copper grids and stained with solutions of uranyl acetate and lead citrate. Sections were cut with a RMC XL 1000 ultramicrotome and viewed with a Hitachi H-300 electron microscope. Also, semithin sections (500 nm) were cut for light microscopy using the blocks embedded in epoxy resin and this microtome; these sections were placed on glass slides and stained with toluidine blue. Kiernan, 1990 ).
RESULTS
Paraffin sections through the spermathecae of Ambystoma tigrinum are shown in Fig. 1 and ultrastructure is illustrated in Figs. 2-6. During the breeding season, the spermathecae of mature individuals are simple tubuloalveolar exocrine glands with a distal expanded portion and a proximal narrow region that opens into the dorsal and lateral portions of the cloacal walls (Fig. 1A) .
In specimens sacrificed approximately one year after hatching, the spermathecae are slender cords in which lumina are narrow or seemingly absent (Fig. 1B) . No reaction occurs with PAS or AB indicating absence of carbohydratecontaining secretions. TEM reveals epithelial cells containing large euchromatic nuclei, scant cytoplasm, and numerous widened areas along the intercellular canaliculi ( Fig. 2A) . Mitochondria with elongate cristae and intramitochondrial granules are numerous (Fig. 2B) . Evidence of some synthetic activity is provided by the presence of scattered Golgi complexes. Lipid droplets occur in some cells and are most numerous along the basal border of the nuclei (Fig.  2C) .
In specimens sacrificed approximately 1.5 yrs after hatching, the lumen is distinct and bordered by microvilli, and intercellular canaliculi are narrow (Fig. 2D) . Again, mitochondria containing intramitochondrial granules are numerous (Fig. 2E ), but lipid droplets do not occur. Histochemical tests are still PAS-and AB-. However, 160-400 nm electron-dense granules are abundant in the apical cytoplasm of the epithelial cells (Fig. 2D, F) indicating initiation of some secretory activity.
Three females were sacrificed during the breeding season at approximately two years of age (Table 1) . Two of the females have pigmented ovarian follicles 2.0-2.7 mm in diameter, and are considered capable of breeding; one laid nearly her entire complement of eggs after injection with hCG. The third female possesses mostly unpigmented follicles 0.08 mm in diameter and is judged immature. The spermathecae of this individual are similar to those of the 1.5 yr-old females, except that scattered areas are PAS+ and AB+, with PAS+ areas more prevalent.
The mature 2 yr olds have spermathecae in which the epithelium typically is columnar, nuclei are basal, and the supranuclear area is filled with electron-dense secretory granules approximately 250-450 nm in diameter (Fig. 3A) . Small vacuoles are associated with the secretory granules, especially along the luminal border (Fig.  3B) . In paraffin sections, the area occupied by the granules is strongly PAS+, and AB+ areas also occur.
The spermathecae of the 2 yr old mature females resemble those of a female collected in the pond after mating but prior to oviposition (Fig. 3C ) and a female that was collected in March 1992, oviposited fertile eggs, and was sacrificed in March 1993 (Fig. 4A) . The latter individual also possesses pigmented ovarian follicles 2.0 mm in diameter and, therefore, was considered in breeding condition. Another female with the same data (collected in March 1992, oviposited fertile eggs, and sacrificed one year later) contains unpigmented ovarian follicles 0.09 mm in diameter and, thus, is not in breeding condition; this specimen has relatively small spermathecal follicles that lack any evidence of secretory activity (Figs. 1C, 3D ).
Vacuoles associated with the secretory granules are most numerous in the unmated mature females (Figs. 3A, B, 4A, B) and the mated female sacrificed prior to oviposition (Fig. 3C) . The contents of the vacuoles have a flocculent appearance as noted by Sever and Kloepfer (1993) in Ambystoma opacum. Substances in the secretory granules dissociate into smaller particles that fill the vacuoles (Fig. 4B) . During oviposition, the material remaining condensed in the electron-dense secretory granules stays in the epithelium (Fig. 4C) . The vacuoles containing the flocculent material are released into the lumen during oviposition by exocytosis (Fig.  4D) ; therefore, the secretory process is merocrine. Once released into the lumen, vacuoles often combine into multivesicular structures (Fig. 4C) . How the contents of the vacuoles are released into the lumen is not clear, but the product may escape during exocytosis, during formation of multivesicular structures, or directly through the walls of the vacuoles. Light microscopy confirms that the secretory product is not released concomitant with the appearance of sperm in the spermathecae (Fig. 1D) (Fig. 1E) . The product in the lumen is intensely PAS+ in paraffin sections.
The day after oviposition and one week after oviposition, secretory granules and vacuoles are less numerous in the epithelium (Fig. 5A, B) . In the female sacrificed one week after oviposition, some sperm still occur in the lumen (Fig.  5C) . The orientation of the sperm is random; some sperm are free in the lumen, whereas others occur within multivesicular structures (Fig.  5C ) or within aggregations of vesicles and other debris (Fig. 5D) .
In a specimen sacrificed approximately six months after oviposition, the ovaries contain some unpigmented follicles 0.7 mm in diameter and many pigmented follicles 1.9-2.1 mm in diameter. This individual, therefore, was apparently in the process of yolking eggs for the next breeding season. The spermathecae are not especially hypertrophied, but their cytoplasm is filled with large, electron-dense granules 1.5-2.8 ,im in diameter (Fig. 6A, B) , and this area stains intensely PAS+ in paraffin sections. Organelles involved in synthesis of carbohydrate and protein secretory products are numerous. Associated with the granules are enlarged cisternae of rough endoplasmic reticulum, stacks of Golgi, and condensing vacuoles (Fig. 6C) In European newts (Triturus), females start to lay eggs within a few days of mating (Halliday and Verrell, 1984; Pecio, 1992) and Wilbur (1977) reported that four species of Ambystoma (A. laterale, A. maculatum, A. tigrinum, and A. tremblayi) lay their eggs within two days after mating. Under laboratory conditions, the axolotl (A. mexicanum) starts laying eggs within a few hours after mating (Armstrong and Duhon, 1989), and sperm survive no more than two weeks in the spermathecae of the axolotl (Humphrey, 1977) . In studies containing critical analyses of the annual cycle of sperm storage, the longest periods are six months for the salamandrid Salamandrina terdigitata (Brizzi et al., 1995) 4 months in plethodontids such as Desmognathus "fuscus" from Louisiana (Marynick, 1971 ) and Eurycea quadridigitata from Alabama (Trauth, 1983) .
One ambystomatid, Ambystoma opacum, is unique among congeners in that mating and egg-laying occur on land. Females and males migrate from terrestrial habitats to the borders of ephemeral or permanent ponds in autumn (Noble and Brady, 1933) . Eggs are deposited in areas that will be flooded, and females typically remain with the eggs until the nests are inundated. Krenz and Scott (1994) In Ambystoma tigrinum, the secretion is not released concomitant with the appearance of sperm in the spermathecae but with the act of oviposition. Thus, I propose that in A. tigrinum the secretion serves to help flush sperm from the spermathecae as eggs pass through the cloaca. Contraction of the myoepithelial cells surrounding the spermathecal epithelium has also been implicated in the expulsion of sperm from the spermathecae (Hardy and Dent, 1987) .
Retention of the character regarded as the ancestral state for duration of sperm storage (fertilization and oviposition within two days following mating) is not necessarily linked with retention of ancestral functions for the secretory products. However, this relationship is reasonable to use in making a working hypothesis that the flushing of sperm is an ancestral function of the spermathecal secretions. Testing this hypothesis generates additional hypotheses and helps focus future research. For example, providing nourishment for sperm or the environment for sperm quiescence could be derived states to be searched for in species in which sperm are retained for more extended periods (the apomorphic condition).
